The planning and appraisal of sustainable energy projects involve rather complex tasks. This is due to the fact that the decision making process is the closing link in the process of analysing and handling different types of information: environmental, technical economic and social. Such information can play a strategic role in steering the decision maker towards one choice instead of another. Some of these variables (technical and economic) can be handled fairly easily by numerical models whilst others, particularly ones relating to environmental impacts, may only be adjudicated qualitatively (subjective or not). In many cases therefore, traditional evaluation methods such as costbenefit analysis and the main economic and financial indicators (NPV, ROI, IRR etc.) are unable to deal with all the components involved in an environmentally valid energy project. Multi-criteria methods provide a flexible tool that is able to handle and bring together a wide range of variables appraised in different ways and thus offer valid assistance to the decision maker in mapping out the problem. This paper sets out the application of a multi-criteria method (PROMETHEE developed by J.P. Brans et al. 1986 ) to a real life case that is in tune with the objectives of sustainable development. 
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1.Introduction
The energy sector plays a key role in achieving sustainable development and in the future the energy production system must take the lead in meeting environmental goals. The challenge lies in getting environmental and energy objectives to converge and the overall success of future energy policy will be to demonstrate that economic growth, an assured energy supply and environmental protection are compatible goals.
The contribution of renewable energy sources (RES) to the European energy balance still remains modest in comparison to the potential that is technically available. RES are not uniformly exploited in the EU and their contribution is decidedly undersized; this despite the fact that many forms of RES are already available and their effective economic potential is reasonably acceptable (Cavallaro F. -Clasadonte M.T., 2000) .
Although some technologies exploiting renewable energy sources have reached a certain maturity, there are numerous hurdles to their market penetration. It is fundamental to kick-start the launch of RES in order to accelerate and increase their market share. This strategy would favour the creation of economies of scale and consequently reduce costs. To achieve the target of doubling the share of renewable energy (to 12%) in the EU by 2010, there is an EC campaign involving member states cooperating closely over a period spanning several years. This initiative clearly signals the need to resort increasingly to renewable energy sources and to promote large-scale projects involving the various types of RES (SEC (99) 504, 14/04/99, Campaign for take-off -CTO).
This intense attention directed towards the environment has prioritised those RES that would have a minimal impact not only on the environment, but also on health and the quality of life. Therefore, this growing awareness of the environmental problem has partially modified the traditional decision making structure in the energy field. Indeed, the need to insert strictly environmentally related considerations into energy planning has resulted in the adoption of multi-criteria decision models.
The use of decision making tools, referred to in the literature as Decision Support Systems (DSS), for resolving environmental problems is wide-ranging. DSS based on multi-criteria algorithms do not replace decision makers, rather they assist them in all the phases of the decision making process by supplying useful information to reach decisions that are transparent with a clearly documented trail. Various studies have been developed to illustrate the potential applications of this approach:
for the evaluation of energy options when compared to a set of criteria and in order to make the choices clearer (Siskos J. -Hubert Ph. 1983; Roy B. -Bouyoussou D. 1986; Georgopoulou E., et al. 1998; Beccali M. et. al. 2003 ; for the assessment of geothermal energy projects (Goumas M., et. al., 1999) ; for the siting of power plants (Barda O.H, et al. 1990) ; and for the evaluation of energy strategies for small islands (Cavallaro F., 1999; Cavallaro F. -Ciraolo L., 2005) .
Multi-criteria assessment aids to environmental and energy decisions
Cost-benefit analysis (CBA) is one of the most well known methods used for effecting choices between a number of different projects. This method is widely used to justify investments in economic terms rather than as a tool to aid planning. Under CBA everything is accounted for that can be translated into monetary terms. Such an operation inevitably leads to some approximations and may be somewhat arbitrary as not all of the benefits considered in the analysis can be readily assigned a monetary value. Considerable difficulties can be met when environmental impacts, such as different forms of pollution or the social impacts on the geographical area affected by the project, are to be incorporated in the analysis. The financial values of these impacts are generally not easy to ascertain and in some cases indeed it is not ethically acceptable to put a price on certain values such as biodiversity, people's health, the quality of life and social factors. Another critical element lies in setting the discount rate to apply, as the higher this is then the lower the discounted value of projected future benefits will be.
At the core of traditional decision making tools lies the idea that there is only one solution to a given problem -the optimum -which has to be sought. In contrast, the nature of environmental management activity is such that it requires subjective judgements of a technical, socio-economic, and environmental nature; thus it is very difficult to arrive at a clear and unanimous solution in the environmental planning process.
The multi-criteria approach differs substantially from CBA in that the merit of the project is evaluated by considering it from differing viewpoints or applying heterogeneous criteria. The impacts produced by the proposals under review are estimated in respect of each criteria and, unlike CBA, these need not necessarily be expressed in monetary terms but may be either quantitative or qualitative values measured using a range of different scales. The choice is made by assessing the contributions made by the various project options and comparing them with the overall objective considered from diverse, and often conflicting, standpoints.
From this arises the need to develop a planning and management tool that can assist the decision maker in assessing a set of alternatives, from different viewpoints, and to choose the option of "compromise" namely the one held to be most acceptable by all criteria considered altogether. The activity linked to the search for a 'best compromise' solution requires a suitable assessment method and the various multi-criteria methods seem best suited to such a purpose.
The final solution according to Roy is a creation rather than a discovery (Roy B., 1985 (Roy B., , 1990 . Thus the main objective of a Multiple Criteria Decision Aid (MCDA) is to build or create a support tool for decision makers that conforms to their objectives and priorities (a constructive or creative approach) (Roy B, 1990) . The "ideal" solution, the option that performs best for all the criteria 4 selected, is difficult to achieve. Therefore it is necessary instead to find a compromise from among the different hypothetical solutions. It is for this reason that a choice resulting from MCDA is "justified" and not "optimum".
The points in favour of a decision making model built on a multi-criteria algorithm are summarised below:
• it can handle the large amounts of, often conflicting, information, data, relations and objectives that are generally encountered when facing a specific decision problem;
• it does not reveal the solution to the decision maker as a revealed truth, instead it sustains the entire decision making process providing the means to deal with the information to hand; • the approach is based on systematic observation and on the verification of factors influencing the decision, thus it is not a "black box" type of decision model but a transparent tool;
• it provides the instruments to construct the problems clearly in order to make them more understandable;
• it enables the decision making process to be monitored and checked as it evolves;
The PROMETHEE method I and II
The methodology adopted for the purpose of this case study is based on the method of outranking called PROMETHEE (Preference Ranking Organization Method of Enrichment Evaluation) devised by Brans J.P.et al. (1985 Brans J.P.et al. ( , 1986 Brans J.P.et al. ( , 1994 Brans J.P.et al. ( , 1998 . This technique, besides possessing all the advantages of B. Roy's outranking methods, is also easy to use and its level of complexity is low. It is based on ranking and is well-suited to problems in which there are a finite number of actions to be assessed on the basis of a range of conflicting criteria. The following procedure is recommended to implement the method:
Identification of alternatives
The outcome of any decision making model depends on the information at its disposal and the type of this information may vary according to the context in which one is operating, therefore it is useful for decision making models to consider all the information as a whole. The availability of information is intrinsically bound up with the phase in which the problem is defined, therefore, the very first step in dealing with any decision problem is to construct it correctly.
As stated earlier, in MCDA the decision procedure is normally carried out by choosing between different elements that the decision maker has to examine and to assess using a set of criteria. These elements are called actions and they make up part of a global set labelled actions or alternatives.
Defining a set of criteria.
The criteria represent the tools which enable alternatives to be compared from a specific point of view. It must be remembered that the selection of criteria is of prime importance in the resolution of a given problem, meaning that it is vital to identify a coherent family of criteria and not just any set of criteria willy nilly. The alternatives are compared pairwise under each criterion and the decision maker, faced with the two actions a and b, can express: an outright preference (aPb); a weak preference, if it is less marked, (aQb); indifference (aIb); or incomparability (aRb) if none of the former apply. Methods based on this approach were initially developed by Roy B. in the late 1960s.
Evaluation matrix
Once the set of criteria and the alternatives have been selected then the payoff matrix is built. This matrix tabulates, for each criterion-alternative pair, the quantitative and qualitative measures of the effect produced by that alternative with respect to that criterion. The matrix may contain data measured on a cardinal or an ordinal scale.
Determining the multi-criteria preference index
The preference is expressed by a number between 0 and 1 (from 0 indicating no preference or indifference up to 1 for an outright preference). When the pairs of alternatives a and b are compared the outcome of the comparison must be expressed in terms of preference in the following way (Brans et al., 1986) : In practice this preference function P(a,b) represent the difference between the evaluation of the two alternatives so that it can be expressed as follows (Brans J.P-Mareschal B.,1998): 6 Once the decision maker has described a preference function P i (i= 1,2,3,….n represent the criteria) then the weights of each criterion must be determined. The weights π represent the relative importance of the criteria used for the assessment, if all criteria are equally important then the value assigned to each of them will be identical. A variety of techniques exist to determine weights, the simplest but also the most arbitrary is direct assignment where weights are set by the decision maker, other techniques require that the decision maker and analyst work together to obtain a vector of weights that conforms as closely as possible to the decision maker's preferences. In addition to weighting, the method involves setting thresholds that delineate the decision maker's preferences for each criterion and the critical thresholds are thus: the indifference threshold q i and the preference threshold p i .
The index of preference Π is calculated for each pair of actions a and b as the weighted average of preferences calculated for each criterion. The index Π is therefore defined as follows (Brans J.P. et al., 1986) : 
Ranking the alternatives
The traditionally non-compensatory and methodologically important models include ones in which preferences are aggregated by means of outranking relations. Outranking is a binary relation S defined in A such that aSb if, given the information relating to the decision maker's preferences there are enough arguments to decide that "a is at least as good as b" while there is no reason to refute this statement, i.e. aSjb implies bSja. The ranking of alternatives under PROMETHEE uses the following:
This indicates the preference for action a above all others and show how 'good' action a is.
This indicates the preference for all the other actions compared with a and shows how weak action a is. 
According to PROMETHEE I
Equality in Φ + and Φ -indicates indifference between the two compared alternatives. Under the Promethee I method some actions remain incomparable, in the case that a complete preorder is required that eliminates any incomparable items, then Promethee II can give a complete ranking as follows (Brans J.P. -Mareschal B., 1994) :
All alternatives are now comparable and equal positions are possible. 
Evaluation of alternative energy projects using PROMETHEE
The proposed energy options
The case study proposes a number of alternative renewable energy installations operating in the area 
Sets of criteria: identification and selection
The criteria are the tools that enable alternatives to be compared from a specific viewpoint.
Undoubtedly, selecting criteria is the most delicate part in formulating the problem before the decision maker, and thus it is requires the utmost care and attention. The number of criteria is heavily dependent on the availability of both quantitative and qualitative information and data. Here 11 criteria were selected; 7 of these technical-economic and 4 socio-environmental. Quantitative measures apply to 6 of the criteria while the remaining 5, being qualitative in nature, were scored by applying impact scales from either 1-4 or 1-5.
Economic and technical criteria
These criteria refer to the costs that must be borne in order to realize the various projects included in each strategy and to guarantee the supply of energy. These factors are of special interest to State authorities.
Investment costs.
This includes all costs relating to the purchase of mechanical equipment, technological installations, to construction of roads and connections to the national grid, to engineering services, drilling and other incidental construction work. This criterion is measured in Euros;
Operating and maintenance costs. This includes all the costs relating to plants, employees'
wages, materials and installations, transport and hire charges, and any ground rentals payable.
This criterion is measured in Euros;
Primary energy saving. This refers to the amount of fossil fuel currently used by power plants to produce electricity that could be saved. It is measured in Kg/per annum;
Cost of generating electricity (growth). This refers to the potential risk of an increased cost to industry of generating energy. This risk is linked to the fact that for some, not fully mature, technologies there is no certainty regarding the effective yield of the system, consequently an energy production deficit could mean increased unit cost of production. This criterion is measured as a percentage;
Maturity of technology.
Measures the degree of reliability of the technology adopted as well as how widespread the technology is at both national and European level. This is appraised using a qualitative judgment transformed into the following four-point scale (Beccali M. et al., 2003) : 
Environmental and social criteria
These criteria refer to protection of the environment and to the principle of sustainability: o Impact on local economy rated weak =1
o Impact on local economy rated moderate (some permanent jobs)=2
o Impact on local economy rated medium-high (jobs + supply chain businesses)=3
o Impact on local economy rated high (strong impetus to local development, creation of small industrial districts)=4 Contribution to local devt. 
The evaluation matrix
Results
The data in the evaluation matrix are used in calculations to determine the indices of preference Π (see pag. 4) presented in the Table 3 The resultant scenario arises from equal weights (1%) being assigned to each criterion. The results of multi-criteria analysis hinge on the weightings allocated and thresholds set. As stated earlier, the weights express the importance of each criterion and obviously may deeply influence the final outcome of the entire calculation procedure. For some authors, the problem of how to determine the weights to assign is still unresolved since the different outranking methods do not lay down any standard procedure or guidelines for determining them. Here, three scenarios with three different weight vectors were formulated to circumvent this problem. The first scenario, representing the The calculations relating to the economic-oriented scenario compared to the base case conferred a fair degree of stability in the results. Indeed, although the figures vary slightly, the order of the final ranking is unchanged (see tables 5 and 6).
Tab. 5 Preference indices (economic-oriented case) Table 6 (economic-oriented case)
As far as the environment-oriented scenario is concerned, the results show a change in the ranking order. Although option A..2 still comes out top, the second position is here taken by option A..3 (i.e.
the project regarding a biomass combustion plant) followed by A..4 and lastly by A..1 (see fig. 2 and tables 7 and 8). Under this scenario, option A..3 does better than the other options because its energy production levels are higher and therefore so too are the fossil fuel savings and avoided CO 2 emissions. By attributing higher weightings to these criteria this option has moved up one position in the ranking. Apart from this change in position, the overall outcome still lead to the conclusion that the analysis performed and results obtained under all three scenarios are highly stable. Option A..2 (Wind) dominates all the others in all three scenarios, closely followed by A..4 (Kobold) which performs very well under two of the scenarios revealing an excellent opportunity for development in the renewable energy field thanks to its extraordinarily innovative nature. 
Conclusions
In the case study presented herein, in both the base-case and the cost-oriented scenarios and the meteorological and climatic conditions and territorial characteristics of the site chosen (the province of Messina), from the simultaneous assessment of all the criteria, wind power comes out as top as the best compromise solution out of the sustainable energy options selected. In addition, the excellent performance of option A..4 (Kobold) corroborates the undoubted attractiveness of this technology, above all in terms of the energy produced. The market potential of this technology, although still at the prototype stage and subject to further development, is of great interest most of all because it inserts favourably into the environment and operates at highly efficient levels.
Assessment procedures and energy planning may appear complex because of the number and diversity of the items to evaluate, the uncertainty of data and conflicts between interested parties.
Nevertheless, multi-criteria analysis, as this paper demonstrates, can provide a technical-scientific decision making support tool that is able to justify its choices clearly and consistently, especially in the renewable energy sector.
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